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Experimental 

Crystal data 

[Tb(N03)3(Cl2H,e,N302)2] 

M, = 813.51 
Monoclinic, Pl^jn 
a = 12.292 (3) A 
b = 11.114 (2) A 
c = 23.264 (5) A 
= 98.37 (3)° 

Data collection 

Rigaku Saturn CCD area-detector 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 2004) 
T^i„ = 0.581, r„,„ = 1.000 



Refinement 

R[F^ > 2a(F^)] = 0.031 

wR(F^) = 0.071 

S = 1.01 

5554 reflections 



\/ = 3144.6 (11) A-' 
Z = 4 

Mo Ka radiation 
jLt = 2.33 mm^' 
r = 293 K 

0.20 X 0.20 X 0.20 mm 



25443 measured reflections 
5554 independent reflections 
4726 reflections with / > 2a(l) 
RiM = 0.059 



432 parameters 

H-atom parameters constrained 
Apmax = 0.89 e A-' 
Apmin = -0.95 e A"' 



The title compound, [Tb(N03)3(Ci2Hif,N302)2], was prepared 
from the nitroxide radical ligand 4,4,5,5-tetramethyl-2- 
(pyridin-2-yl)-imidazoline-l-oxyl-3-oxide and Tb'" nitrate. 
The Tb'" ion adopts a doubly-capped square-antiprismatic 
coordination environment defined by three chelating nitrate 
anions and two A',0-bidentate nitronyl nitroxide radical 
ligands. Weak C— H- ■ O hydrogen bonds connect the 
molecules into a three-dimensional framework. The title 
structure is isotypic with the Ho analogue [Li (2012). Acta 
Cryst. E68, 550]. 

Related literature 

For background to the use of rare earth complexes with nitr- 
oxide radicals in coordination chemistry, see: Sutter et al. 
(1998); Kahn et al. (2000); Lescop et al. (2000). For the 
structures of related complexes, see: Li et al. (2Q04a,b, 2005); 
Li (2012). 



Table 1 

Hydrogen-bond geometry (A, °). 



D-H-A 


D-H 


H-A 


D-A 


D-H-A 


C22-H22- ■ 013' 


0.93 


2.55 


3.440 (5) 


161 


C17-H17B- ■ 06" 


0.96 


2.40 


3.327 (5) 


161 


C6-H6B- ■ 03'" 


0.96 


2.55 


3.473 (5) 


161 


C24-H24- ■ ■09'~' 


0.93 


2.38 


3.211 (5) 


148 


Symmetry codes: (i) —a' — 
(iv) -x + l,y + l,-z + ^. 




hi; (li) -A'.-y^ 


h 1, -z; (iii) -A- 


+ !,->' + 2, -z; 



Data collection: CrystalClear (Rigaku, 2008); cell refinement: 
CrystalClear; data reduction: CrystalClear; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL. 

The author thanks the Chemical Institute of Linyi Univer- 
sity for supporting this work. 




Supplementary data and figures for this paper are available from the 
lUCr electronic archives (Reference: MW2078). 
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Bis[4,4,5,5-tetramethyl-2-(pyridin-2-yl-/<:^N)imidazoline-l-oxyl 3-oxide-/<:0]tns- 
(nitrato-/c^O,0')terbium(lll) 

Dong-jiao Li 

Comment 

As a continuation of our work on complexes containing nitroxide radicals as the ligand, the title Tb complex is reported. 
An ORTEP drawing of [Tb"'(NlT2Py)2(N03)3] is illustrated in Fig. 1. The Tb'" ion is ten-coordinated by three //^-nitrato 
anions and two NIT2Py radicals which bind via one oxygen atom of the nitronyl nitroxide moiety and one nitrogen atom 
of the pyridine substituent. The complex is further connected by weak C — H—0 H-bonds into a three-dimensional 
framework as shown in Fig. 2. 

Experimental 

The compound was synthesized by the following procedure. Tb(N03)3.6H20 (0.045 g, 0.2 mmol) and NlT2Py (0.047 g, 
0.2 mmol) were dissolved in 10 mL of anhydrous THF. The mixture was stirred at room temperature for four hours and 
then filtered. The dark brown filtrate was allowed to stand in the dark for one week. Dark brown crystals were obtained. 

Refinement 

Hydrogen atoms were placed in calculated positions (C — H = 0.93-0.96 A) and refined using a riding model with C4o(H) 
= 1.2C/.,(C aromatic ) and 1.5t/e,(Cmethyi). 

Computing details 

Data collection: CrystalClear (Rigaku, 2008); cell refinement: CrystalClear (Rigaku, 2008); data reduction: CrystalClear 
(Rigaku, 2008); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: 
SHELXL97 (Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare material for 
pubhcation: SHELXTL (Sheldrick, 2008). 
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Figure 2 

The three-dimensional framework of the structure connected through intermolecular hydrogen bonds. 
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Bis[4,4,5,5-tetramethyl-2-(pyridin-2-yl-«:^yV)imidazoline-1-oxyl 3-oxide-R:0]tris(nitrato-K^O,0')terbiuin(lll) 



Crystal data 

[Tb(N03)3(Cl2Hi6N302)2] 

M,= 813.51 
Monoclinic, P2i/n 
Hall symbol: -P 2yn 
a = 12.292 (3) A 
Z>= 11.114(2)A 
c = 23.264 (5) A 
y5=98.37 (3)° 
F= 3144.6 (11) A' 
Z=4 

Data collection 

Rigaku Saturn CCD area-detector 

difiractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
co-d scans 

Absorption correction: multi-scan 

(SADABS; Sheldrick, 2004) 
7^ = 0.581,7;^= 1.000 

Refinement 

Refinement on 7^ 
Least-squares matrix: full 
7?[7^> 2(7(7^)] = 0.031 
wR{F-) = 0.071 
1.01 

5554 reflections 
432 parameters 
0 restraints 

Primary atom site location: structure-invariant 
direct methods 



F(000) = 1632 

7),= 1.718Mgm-3 

Mo Ka radiation, i = 0.71073 A 

Cell parameters from 9251 reflections 

6* = 3.0-27.9° 

H = 2.33 mm"' 

r=293 K 

Prism, colorless 

0.20 X 0.20 X 0.20 mm 



25443 measured reflections 
5554 independent reflections 
4726 reflections with 7 > 2(7(7) 
= 0.059 

^max = 25.0°, O mir, = 2.0° 

= -14^14 
A: = -13^13 
/ = -27^27 



Secondary atom site location: difference Fourier 

map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = l/[c72(7^„2) + (0.0354P)2] 

where P = (7^o^ + 27='/)/3 
(A/(T)„^ = 0.001 
Ap^ax = 0.89 e A-3 
Ap™„ = -0.95eA-3 



Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; 
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 

Refinement. Refinement ofF^ against ALL reflections. The weighted 7?-factor wR and goodness of fit S are based onF^, 
conventional 7?-factors 7? are based on F, with 7^ set to zero for negative F^. The threshold expression of 7^ > a{F^) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of refiections for refinement. 7?-factors based on 7^ 
are statistically about twice as large as those based on F, and 7?- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 



y 



Tbl 

CI 

HIA 

HIB 

HlC 



0.179699 (13) 
0.5499 (3) 
0.5285 
0.6286 
0.5209 



0.838779 (16) 

1.0194(4) 

1.0905 

1.0143 

0.9497 



0.103896 (7) 

0.21909(17) 

0.2381 

0.2239 

0.2360 



0.02337 (7) 

0.0512(12) 

0.077* 

0.077* 

0.077* 
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0.028 (2) 


-0.0079 (16) 


0.0075 (16) 


-0.0056 (16) 


C16 


0.0277(19) 0.026(2) 


0.032 (2) 


-0.0048 (16) 


0.0066(16) 


-0.0013 (16) 


C17 


0.031 (2) 0.060 (3) 


0.049 (3) 


-0.008 (2) 


0.008 (2) 


-0.017 (2) 


C18 


0.075 (3) 0.037 (3) 


0.056 (3) 


-0.001 (2) 


0.017(3) 


0.009 (2) 


C19 


0.0203 (18) 0.028(2) 


0.0268 (19) 


-0.0005 (16) 


0.0058 (15) 


0.0018(16) 


C20 


0.0258 (19) 0.027 (2) 


0.0267 (19) 


-0.0001 (16) 


0.0033 (16) 


-0.0018 (16) 
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U.UzV (z ) 


U.U33 (3) 


A A/1 1 /OX 

0.041 (z) 


A AA1 /'0^ 

—0.001 (z) 


AA11/1 /I OA 

0.01 14 (lc5) 


A A 1 0 /"OA 

—0.013 (z) 




U.OjO (J) 


A ACO /1\ 

O.Ujz (3) 


0.04O (3) 


A AAA /OA 

0.000 (z) 


A A1 O /0\ 

0.01 o (z) 


A AOO /OA 

— O.OzZ (z) 




A ACO /"J \ 

U.Ujz (3) 


O.U4o (3) 


A AO/C /'0\ 

0.030 (z) 


A A1 1 /0\ 

—0.011 (z) 


A AAO /OA 

O.OOo (z) 


A Al /OA 

—0.010 (z) 




n n-3A 
U.UjU (zj 


U.U3 / (z) 


A AlA 

0.030 (z) 


A AA^C /I Q\ 

— O.OOjo (lo) 


A AA'^ 1 /I 1\ 

O.OOzl (1 /) 


A AArfiQ /I OA 

— O.OOOo (lo) 


JN 1 


A AT AA /I '7\ 
U.UJUU (1 /j 


n no^ /'I Q^ 
U.Uz^o (ly) 


A ACO /0\ 

0.0j3 (z) 


— 0.00j4 (O) 


A AATO /I 

0.00 /y (lo) 


A AATO /I /^A 
—0.00 /O (10) 


JN2 


A A1A/I /I C\ 

0.0z04 (10) 


A All ^'~^\ 

U.U33 (z) 


A AO/CO /I 

0.0zo3 (Id) 


A A AO A / ^ A\ 

—0.0030 (14) 


A AA 1 O / 1 OA 

0.0013 (13) 


A A AT /I /I /I A 

—0.00 /4 (14) 


XT'! 


A AOyI ^ /I ^\ 

U.Uz45 (O) 


A AO A/I /I A\ 

U.03U4 (ly) 


A AOCiC /1 

O.Oz^o (lo) 


A AA1 C\ A\ 

0.0010 (14) 


A AAOC /I OA 

O.OOzD (13) 


A AAAO /I ylA 

—O.OOOo (14) 


XT/I 


U.Uzoz (loj 


A AIOO /I 0\ 

ij.u3zy (ly) 


A A0T2 /■! 

0.0z33 (Id) 


A AA/I 0 /I /1\ 

—0.0043 (14) 


A AA^O ^^ OA 

O.OOoo (13) 


A AAA^ /I /I A 

—O.OOOD (14) 


JN J 




yj.Kjlib (1 /) 


A AO/1 ^ /■! ^^ 
U.0z4j (i j) 


A AA1 0/1 OA 

— O.OOlo (13) 


A AA/1 0 A 

0.0040 (Iz) 


A AAA"? /I OA 

0.000 / (13) 


JNo 


A AO C C 1 /:;\ 

O.OzDD (Id) 


A AOAA /l 0\ 

(j.u3oy (lo) 


O.Oz /4 (Id) 


A A A 1 A / 1 A\ 

—0.0010 (14) 


A AAO C / 1 1 A 

O.OOzD (13) 


A AAA1 /I A\ 

—0.0003 (14) 


xn 
JN / 


A A'3A'7 /"I 0^ 

U.U3U/ (lo) 


A A/1 1 /'0\ 

0,041 (z) 


A AOA/C /"I 0\ 

o.ozyo (lo) 


A AAAC ^^ c\ 

— O.OOOj (Id) 


A AATO /I CA 

0,00 /z (Id) 


A AAAO /I CA 

0.0003 (Id) 


XTQ 

JNo 


A AC/I 


U.U44 (3 ) 


O.Odo (3) 


A AAA 
0.000 (Z) 


A A 1 O /"OA 

o.oiy (Z) 


A A 1 Q /OA 

— O.Olo (z) 


XTO 

JNy 


A ATAT /I Q\ 


A AT O /'0^ 

0.03o (z) 


A A/1 1 /'0\ 

0.041 (z) 


A AAOO 

o.ooy3 (lo) 


A AA/io ^^ /;a 
O.OOOz (10) 


A AAO^ /I TA 

o.ooyj (1 /) 


Ul 


A ACT /OA 

U.UD / (z) 


A AO 1 A /I A\ 

0.03iU (iy) 


A AAC t1\ 

o.oyj (3) 


A AACT /I C\ 

—0.00 J / (o) 


A A1 /I AA 

0.0104 (ly) 


A AAA A /I T\ 

—O.oooy (1 /) 


U2 


A AO C C / 1 1^ 

O.UzDD (13) 


A AOTC /I C\ 

O.Oz ij (Id) 


A AOC? /I 0\ 

O.Ozo / (13) 


A AAAO /I 0\ 

0.0003 (Iz) 


A AAO C / 1 1 X 

— O.OOzj (11) 


A AAO A / 1 1 A 

— 0.00z4 (11) 


U3 


A A/I /T /I /I TX 

U.U4o4 (1 /) 


A ATO /'0\ 

0.0/0 (z) 


A ATA^ /I 

0.030O (l3) 


A AAAT 

—0.000 / (lo) 


A A 1 /;a /■ 1 OA 
0.0100 (13) 


A A10O /I^A 

0.013Z (Ij) 


U4 


A AO /I /I /I 

D.Uz44 (13) 


o.ojOo (ly) 


A A'2'2/; /l ^\ 

0.0330 (Ij) 


— O.OOoD (13) 


A AAOO / 1 OA 

0.00z3 (Iz) 


A AAA^ /I OA 

—O.OOOD (13) 


Uj 


U.Uzll (13) 


A f\CA A /1 A\ 

0.0 j44 (ly) 


A AO AO ^^ A\ 

o.ozyy (14) 


A AA/C^ /"I 1\ 

— O.OOoj (13) 


A AAIO /"I 1 A 

0.003z (11) 


A AAl^ /I lA 

0.0030 (13) 


Uo 


(J.Ooo (3) 


A 1 A£C //I \ 

0. lOo (4) 


A 1 o/; ^ A\ 
0.1 ZD (4) 


A AOO /"lA 

0.0z5 (3) 


A AOA /"lA 

O.OzO (3) 


A ATO /OA 

—0.0 /5 (3) 


KJ 1 


A A /I /l A /I n\ 

U.U44U ( 1 /) 


A A/1 O O /I 0\ 

0.04zz (lo) 


O.Ojzo (19) 


A AAA A /I /l\ 

o.ooyy (14) 


A AAA A /I C\ 

o.oooy (Id) 


A A1 O/C /I CA 

— o.OloO (Id) 












v/.V/W^ 1 yl^J 




09 


0.060 (2) 


0.056 (2) 


0.061 (2) 


-0.0014 (17) 


0.0051 (16) 


0.0338(18) 


OlO 


0.0340(15) 


0.0411 (19) 


0.0404 (16) 


0.0008 (14) 


-0.0043 (13) 


0.0035 (14) 


Oil 


0.0405 (16) 


0.0327 (17) 


0.0417(17) 


-0.0021 (13) 


-0.0035 (14) 


0.0055 (13) 


012 


0.0236 (13) 


0.0353 (16) 


0.0272 (13) 


-0.0062(11) 


0.0071 (11) 


0.0011 (11) 


013 


0.0435 (16) 


0.061 (2) 


0.0340 (16) 


-0.0152 (15) 


0.0210(13) 


-0.0046 (14) 



Geometric parameters (A, °) 


Tbl— 02 


2.331 (2) 


C13— H13B 


0.9600 


Tbl— 012 


2.376 (2) 


C13— H13C 


0.9600 


Tbl— 07 


2.452 (3) 


C14— C15 


1.519(5) 


Tbl— Oil 


2.463 (3) 


C14— H14A 


0.9600 


Tbl— 08 


2.465 (3) 


C14— H14B 


0.9600 


Tbl— 05 


2.486 (2) 


C14— H14C 


0.9600 


Tbl— 04 


2.522 (2) 


C15— N5 


1.499(4) 


Tbl— OlO 


2.538 (3) 


C15— C16 


1.561 (5) 


Tbl— N3 


2.671 (3) 


C16— N4 


1.507 (5) 


Tbl— N6 


2.711 (3) 


C16— C17 


1.513 (5) 


CI— C2 


1.529 (5) 


C16— C18 


1.538 (5) 


CI— HIA 


0.9600 


C17— H17A 


0.9600 


CI— HIB 


0.9600 


C17— H17B 


0.9600 


CI— HlC 


0.9600 


C17— H17C 


0.9600 


C2— N2 


1.509(4) 


C18— H18A 


0.9600 


C2— C3 


1.518(5) 


C18— H18B 


0.9600 


C2— C5 


1.549 (5) 


C18— H18C 


0.9600 


C3— H3A 


0.9600 


C19— N5 


1.319(4) 


C3— H3B 


0.9600 


C19— N4 


1.367 (4) 


C3— H3C 


0.9600 


C19— C20 


1.461 (5) 


C4— C5 


1.527 (5) 


C20— N6 


1.352 (4) 
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C4— H4A 
C4— H4B 
C4— H4C 
C5— Nl 
C5— C6 
C6— H6A 
C6— H6B 
C6— H6C 
C7— N2 
C7— Nl 
C7— C8 
C8— N3 
C8— C9 
C9— CIO 
C9— H9 
CIO— Cll 
CIO— HIO 
Cll— C12 
Cll— Hll 
C12— N3 
C12— H12 
C13— C15 
C13— H13A 



0.9600 
0.9600 
0.9600 
1.505 (5) 
1.521 (5) 
0.9600 
0.9600 
0.9600 
1.321 (4) 
1.358 (5) 
1.459 (5) 
1.351 (4) 

1.391 (5) 

1.392 (5) 
0.9300 
1.375 (6) 
0.9300 
1.380 (6) 
0.9300 
1.329(4) 
0.9300 
1.514(5) 
0.9600 



C20— C21 
C21— C22 
C21— H21 
C22— C23 
C22— H22 
C23— C24 
C23— H23 
C24— N6 
C24— H24 
Nl— 01 
N2— 02 
N4— 013 
N5— 012 
N7— 03 
N7— 05 
N7— 04 
N8— 06 
N8— 07 
N8— 08 
N9— 09 
N9— Oil 
N9— OlO 



1.376 (5) 
1.390 (5) 
0.9300 
1.371 (5) 
0.9300 
1.373 (5) 
0.9300 
1.328 (4) 
0.9300 
1.271 (4) 
1.305 (4) 
1.273 (3) 
1.297 (3) 
1.228(4) 
1.256 (3) 

1.271 (4) 
1.214(4) 
1.263 (5) 
1.277 (5) 
1.220 (4) 

1.272 (4) 
1.274(4) 



02— Tbl— 012 
02— Tb 1—07 
012— Tbl— 07 
02— Tbl— Oil 
012— Tbl— Oil 
07— Tbl— Oil 
02— Tbl— 08 
012— Tbl— 08 
07— Tbl— 08 

011— Tbl— 08 
02— Tbl— 05 

012— Tbl— 05 

07— Tbl— 05 

011— Tbl— 05 

08— Tbl— 05 
02— Tbl— 04 

012— Tbl— 04 

07— Tbl— 04 

011— Tbl— 04 

08— Tbl— 04 
05— Tbl— 04 
02— Tbl— OlO 

012— Tbl— OlO 
07— Tbl— OlO 
Oil— Tbl— OlO 



155.19(8) 
74.92 (9) 
129.47 (9) 

116.88 (9) 

71.54 (9) 
76.45 (10) 
122.52 (9) 
81.82 (9) 
52.04 (10) 
74.29 (10) 
117.61 (8) 
63.44 (8) 

108.89 (9) 
124.61 (9) 
69.11 (10) 
74.03 (8) 
113.97 (8) 

73.55 (10) 
143.77 (9) 
71.39(9) 
50.79 (8) 
66.18 (9) 
114.46 (8) 
68.94 (10) 
51.20 (9) 



CIO— Cll— Hll 
C12— Cll— Hll 
N3— CI 2— Cll 
N3— C12— H12 
Cll— C12— H12 
C15— C13— H13A 
C15— C13— H13B 
H13A— C13— H13B 
C15— C13— H13C 
H13A— C13— H13C 
H13B— C13— H13C 
C15— C14— H14A 
C15— C14— H14B 
H14A— C14— H14B 
C15— C14— H14C 
H14A— C14— H14C 
H14B— C14— H14C 
N5— C15— C13 
N5— C15— C14 
C13— C15— C14 
N5— C15— C16 
C13— C15— C16 
C14— C15— C16 
N4— C16— C17 
N4— C16— C18 



120.5 
120.5 

123.7 (4) 
118.2 
118.2 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
108.4 (3) 
106.4 (3) 

110.8 (3) 
101.1 (3) 
115.4 (3) 

113.7 (3) 
109.6 (3) 

105.8 (3) 
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Oc — Ibl — OlO 


1 A/i; / 1 A\ 

106.73 (10) 


05 — 1 bl — OlO 


175.35 (9) 


04 — iDl — (JIU 


\ /0\ 

130.63 (8) 


/"V^ Tl* 1 XT'? 

02 — Tbl — N3 


69.33 (8) 


(Jlz^ — ^1 bl — N5 


OA ylA /0\ 

89.49 (8) 


(j7 — Ibl — N3 


in CI / A\ 

137.51 (9) 


Oil — Tbl — N3 


1 /I A OA /'A\ 

140.80 (9) 


(Jo — Ibl — N3 


1 T O AC /I A\ 

138.05 (10) 


L)3 — Ibl — JN3 


/0.31 (y) 


04 — Ibl — N3 


TC 1 /A\ 

75.13 (9) 


OlO — Tbl — N3 


11/1 1/1 /A\ 

114,14 (9) 


Oz — Ibl — No 


A1 A^ /0\ 

91.06 (8) 


Ulz — Ibl — JNo 


£iO AO /'0\ 

00.45 (5) 


TT- 1 XT£! 

07 — Tbl — No 


1 T C T A /I A\ 

135.20 (10) 


Oil — Tbl — No 


/''I /A\ 

72.62 (9) 


/'^ O T"! 1 XT/' 

Oo — Tbl — No 


1 /I A A /I /I A\ 

140.94 (10) 


05 — 1 bl — No 


115.22 (8) 


04 — Tbl — No 


1 y1 1 C A /A\ 

143.59 (9) 


/-\ 1 r\ '-pi 1 XT/' 

OlO — Tbl — No 


Z'/' /I A /A\ 

66.49 (9) 


XTO T^l 1 XT/' 

N3 — Tbl — No 


68.51 (9) 


/"^'^ TT1 A 

C2 — CI — ^HIA 


1 AA C 

109.5 


/~^'^ 1 TT1T» 

C2 — CI — rilB 


1 AA C 

109.5 


TT1 A 1 TT1T~> 

HIA — CI — HIB 


109.5 


Cz — CI — HlC 


1 AA C 

109.5 


TJIA r^-l TT1/~l 

HIA — CI — ^HIC 


109.5 


HIB — CI — HlC 


1 AA C 

109.5 


XT-^ /^'^ /^'^ 

N2 — C2 — C3 


1 A A T \ 

109.7 (3) 


XT^ 

N2 — Cz — CI 


1 AC A \ 

105.9 (3) 


C3 — Cz — CI 


110.6 (3) 


N2 — C2 — C5 


AA A /ON 

99.9 (3) 


C3 — C2 — C5 


115.4 (3) 


CI — C2 — C5 


1 1 A A \ 

114.4 (3) 


Cz — C3 — H3A 


1 AA C 

109.5 


C2 — C3 — H3B 


109.5 


H3A — C3 — H3B 


109.5 


C2 — C3 — H3C 


1 AA C 

109.5 


H3A — C3 — H3C 


1 AA C 

109.5 


H3B — C3 — H3C 


109.5 


C ' r A T T /I A 

C5 — C4 — H4A 


109.5 


C5 — C4 — H4B 


1 AA C 

109.5 


H4A — C4 — H413 


1 AA C 

109.5 


C5 — C4 — H4C 


1 AA C 

109.5 


H4A — C4 — H4C 


1 AA C 

109.5 


TJ AT> A W Af~^ 

H4B — C4 — H4C 


1 AA C 

109.5 


Nl— C5— C6 


105.6(3) 


Nl— C5— C4 


109.4 (3) 


C6— C5— C4 


110.2 (3) 


Nl— C5— C2 


100.6 (3) 


C6— C5— C2 


114.6(3) 



C17 — C16 — C18 


1 1 A A i"? \ 

110.0 (3) 


XT d 1 /T 1 t 

N4 — C16 — C15 


1 A 1 \ 

101.2 (3) 


C17 — C16 — C15 


115.9 (3) 


Clo — Clo — C15 


1 1 '5 C 

113.5 (3) 


£ 1 1 TTITA 

C16 — C17 — H17A 


1 AA C 

109.5 


C16 — C17 — ^H17B 


109.5 


TT1 ^7 A IT TT1 TTl 

H17A — C17 — ^H17B 


1 AA C 

109.5 


C16 — C17 — H17C 


109.5 


H 1 7 A — C 1 7 — H 1 7 C 


1 AA C 

109.5 


H17B — C17 — H17C 


109.5 


/~i1/r /~110 TT10A 

C16 — C18 — ^H18A 


1 AA C 

109.5 


C 1 6 — C 1 o — H 1 8B 


1 AA C 

109.5 


T T 1 O A O T 1 1 OTD 

H 1 0 A — C 1 o — 1 OD 


1 An c 
109.5 


C16 — C18 — H18C 


1 AA C 

109.5 


T T 1 O A 1 O T T 1 O/^ 

H18A — C18 — H18C 


109.5 


H18B — CI 8 — H18C 


1 AA C 

109.5 


XTC C\ XTyl 

JN5 — Ciy — N4 


1 AO O /'J \ 

108.2 (3) 


XTC /~^1 A f~^'^C\ 

N5 — C19 — CzO 


126.7 (3) 


N4 — C19 — C20 


125.1 (3) 


XT/' /"-I o (\ /'^'l 1 

No — C20 — C2 1 


122.7 (3) 


N O — C20 — C 1 9 


llo.o (3) 


C2 1 — C20 — C 1 9 


1 '*\A C 

120.5 (3) 


C20 — C2 1 — C22 


119.1 (4) 


C20 — C21 — H21 


1 OA /I 

120.4 


C22 — C21 — ^H21 


1 'lA /I 

120.4 


L23 — C22 — C2 1 


118.3 (4) 


C23 — C22 — H22 


120.8 


C2 1 — C22 — H22 


120.8 


C22 — C23 — C24 


1 1 O ^ / A\ 

118.6 (4) 


C22 — C23 — H23 


120.7 


A /""Tl TTT5 

C24 — C23 — H23 


1 OA '7 

120.7 


N 0 — C24 — C23 


124.6 (4) 


No — C24 — ^H24 


11 /. / 


C23 — C24 — H24 


117.7 


1 XT1 

Ol — Nl — C7 


1 '1 ZT A /'? \ 

126.0 (3) 


XT1 /"'C 

Ol — Nl — C5 


122.1 (3) 


-7 XT1 /'^C 

C7 — Nl — C5 


1 1 A /I /"?\ 

110.4 (3) 


Uz — N2 — C7 


126.6 (3) 


(J2 — N2 — C2 


1 1 A 1 /'? \ 

120.1 (3) 


XT'^ /"^'^ 

C7 — N2 — C2 


112.7 (3) 


1 'I XT'? /^O 

Clz — N3 — C8 


117.2 (3) 


/"^ 1 'I XT'? T'1« 1 

C12 — N3 — Ibl 


1 1 '^ 1 /'?\ 

112.1 (3) 


/^O XT'! TT- 1 

C8 — ^N3 — Tbl 


1 A O /I \ 

129.8 (2) 


Ol j — N4 — Ci9 


IOC 1 /I \ 

1/5. i (3) 


013— N4— C16 


121.9 (3) 


C19— N4— C16 


112.3 (3) 


012— N5— C19 


125.1 (3) 


012— N5— C15 


120.2 (3) 


C19— N5— C15 


114.5 (3) 
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C4— C5— C2 115.4(4) 

C5— C6— H6A 109.5 

C5— C6— H6B 109.5 

H6A— C6— H6B 109.5 

C5— C6— H6C 109.5 

H6A— C6— H6C 109.5 

H6B— C6— H6C 109.5 

N2— C7— Nl 109.0 (3) 

N2— C7— C8 125.4(3) 

Nl— C7— C8 125.5 (3) 

N3— C8— C9 123.0 (3) 

N3— C8— C7 117.0(3) 

C9— C8— C7 119.9(3) 

C8— C9— CIO 118.1 (4) 

C8— C9— H9 120.9 

CIO— C9— H9 120.9 

Cll— CIO— C9 118.9(4) 

Cll— CIO— HIO 120.5 

C9— CIO— HIO 120.5 

CIO— Cll— C12 119.0(4) 

N2— C2— C5— Nl 24.8 (3) 

C3— C2— C5— Nl 142.3 (3) 

CI— C2— C5— Nl -87.8 (4) 

N2— C2— C5— C6 -87.9 (3) 

C3— C2— C5— C6 29.6 (5) 

CI— C2— C5— C6 159.5 (3) 

N2— C2— C5— C4 142.4 (3) 

C3— C2— C5— C4 -100.1 (4) 

CI— C2— C5— C4 29.8 (5) 

N2— C7— C8— N3 -30.5 (5) 

Nl— C7— C8— N3 144.5 (4) 

N2— C7— C8— C9 1 53 . 1 (4) 

Nl— C7— C8— C9 -31.9 (6) 

N3— C8— C9— CIO -3.3 (6) 

C7— C8— C9— CIO 172.9 (4) 

C8— C9— CIO— Cll -0.6(7) 

C9— CIO— Cll— C12 2.5(7) 

CIO— Cll— C12— N3 -0.9(7) 

N5— C15— C16— N4 14.8 (3) 

C13— C15— C16— N4 131.5(3) 

C14— C15— C16— N4 -98.8 (3) 

N5— C15— C16— C17 133.3 (3) 

C13— C15— C16— C17 -110.0(4) 

C14— C15— C16— C17 19.7 (5) 

N5— C15— C16— C18 -98.0(3) 

C13— C15— C16— C18 18.7 (5) 

C14— C15— C16— C18 148.3 (4) 

N5— C19— C20— N6 -35.5 (6) 



C24— N6— C20 116.4(3) 

C24— N6— Tbl 112.0(2) 

C20— N6— Tbl 129.2 (2) 

03— N7— 05 121.6(3) 

03— N7— 04 121.9(3) 

05— N7— 04 116.5(3) 

06— N8— 07 122.1 (4) 

06— N8— 08 121.6(4) 

07— N8— 08 116.3(3) 
09— N9— Oil 121.0(4) 

09— N9— OlO 122.8 (4) 

011— N9— OlO 116.2(3) 
N2— 02— Tbl 126.72 (19) 
N7— 04— Tbl 94.75 (18) 
N7— 05— Tbl 96.88 (19) 
N8— 07— Tbl 96.3 (2) 
N8— 08— Tbl 95.3 (2) 
N9— OlO— Tbl 94.5 (2) 
N9— Oil— Tbl 98.1(2) 
N5— 012— Tbl 129.14(19) 

C19— C20— N6— Tbl 23.2 (5) 

02— Tb 1— N6— C24 1 1 .2 (3) 

012— Tbl— N6— C24 -154.4 (3) 

07— Tbl— N6— C24 80.7 (3) 

011— Tbl— N6— C24 129.1 (3) 

08— Tbl— N6— C24 162.4(2) 
05— Tbl— N6— C24 -110.2(3) 

04— Tbl— N6— C24 -52.8 (3) 

010— Tbl— N6— C24 74.6 (3) 
N3— Tbl— N6— C24 -56.0 (3) 
02— Tbl— N6— C20 172.7 (3) 

012— Tbl— N6— C20 7.1 (3) 

07— Tbl— N6— C20 -117.8(3) 

011— Tbl— N6— C20 -69.4(3) 

08— Tbl— N6— C20 -36.1 (4) 

05— Tbl— N6— C20 51.3 (3) 

04— Tbl— N6— C20 108.7 (3) 

010— Tbl— N6— C20 -123.9 (3) 
N3— Tbl— N6— C20 105.5 (3) 
C7— N2— 02— Tbl 59.6 (4) 
C2— N2— 02— Tbl -129.8 (3) 

012— Tbl— 02— N2 -79.2 (3) 

07— Tbl— 02— N2 110.4(2) 

011— Tbl— 02— N2 176.3(2) 

08— Tbl— 02— N2 88.4(3) 

05— Tbl— 02— N2 6.7 (3) 
04— Tbl— 02— N2 33.6(2) 
OlO— Tbl— 02— N2 -176.3 (3) 
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Symmetry codes: (i) -x-l/2, }H-V2, -z+1/2; (ii) -x, -y+l, -z; (iii) -x+l, -y+2, -z; (iv) -x+l/2,yfl/2, -z+1/2. 
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